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CONCLUSIONS 
1. Otsego Lake i s  a  p r o d u c t i v e  wa te r  body c l a s s i f i e d  as b e i n g  i n  t h e  m id  t o  
l a t e  stages o f  mesotrophy (moderate ly  p r o d u c t i v e )  . 
2. The s h a l l o w  depth  o f  t h e  l a k e  enhances p rospec ts  f o r  m a i n t a i n i n g  p r e s e n t  
water  q u a l i t y .  However, t h e  low b u f f e r i n g  c a p a c i t y  and l o n g  wa te r  r e t e n t i o n  
t i m e  o f  t h e  l a k e  inc reases  t h e  i n f l u e n c e  o f  p o l l u t a n t s  upon wa te r  q u a l i t y .  
3. The l a k e  i s  w e l l - s u i t e d  f o r  warm water  f i s h e r i e s  and suppor ts  h e a l t h y  popu- 
l a t i o n s  o f  game f i s h .  However, t h e  dominant a l g a e  i n  t h e  l a k e  a r e  b l u e -  
green which appears i n  blooms th roughou t  t h e  summer. 
4. Under oxygenated c o n d i t i o n s ,  t h e  bot tom sediments a r e  capable  o f  adsorb ing  
l a r g e  q u a n t i t i e s  o f  phosphorus and f u n c t i o n  as a  phosphorus s i n k .  Labora to ry  
exper iments demonstrate t h a t  t h e  sediment w i l l  r e l e a s e  h i g h  c o n c e n t r a t i o n s  
o f  phosphorus d u r i n g  anaerob ic  p e r i o d s .  
5. The l a k e  i s  f e d  by groundwater t h a t  e n t e r s  a long  t h e  western  and n o r t h e r n  
shore and d r a i n s  th rough  t h e  ground towards t h e  Nor th ,  Eas t  and Main Branches 
o f  t h e  AuSable R i v e r .  
6. S h o r e l i n e  p o l l u t i o n  i s  more e v i d e n t  a l o n g  t h e  west shore than  t h e  e a s t  shore, 
i n  agreement w i t h  expected groundwater movements. 
7.  Water q u a l i t y  i n  a l l  t h e  cana ls  i s  much worse t h a n  t h e  wa te r  q u a l i t y  of t h e  
l a k e .  

RECOMMENDATIONS 
1. C u r t a i l  major sources o f  n u t r i e n t  i n p u t s  t o  t h e  lake:  
* Upgrade s e p t i c  systems p a r t i c u l a r l y  a long  t h e  west shore; 
p i n p o i n t  o t h e r  areas where s e p t i c  system con tamina t ion  may 
be occu r r i ng  us i ng  " s e p t i c  snooper". 
* I nsu re  t h a t  s torm water r u n - o f f  i s  d ra i ned  away from the  
lake.  
* P r o h i b i t  f e r t i l i z a t i o n  o f  l a kes ide  lawns. 
2. Dredge and f i l l  opera t ions  i n  and near t h e  l a k e  should be avoided. 
3. New canals  should n o t  be es tab l i shed .  
4. A d d i t i o n a l  s tudy o f  t h e  l a k e  i s  recommended: 
* Winter  oxygen and phosphorus l e v e l s  o f  t h e  bottom waters 
must be sampled. 
* Well water  q u a l i t y  i n  Arbutus Beach should  be moni tored.  
* The impact o f  motorboat ing on l a k e  water q u a l i t y  should be i n v e s t i g a t e d .  
5. Lake res i den t s  should work w i t h  Township and County Governmental U n i t s  t o  
p l an  and mon i to r  l and  use changes w i t h i n  t he  Otsego Lake watershed and i n  
areas which supply  groundwater t o  t h e  lake.  

INTRODUCTION 
Otsego Lake i s  a  l a r g e  l a k e  i n  no r t he rn  Michigan used p r i m a r i l y  f o r  recrea-  
t i o n .  Otsego Lake i s  t h e  l a r g e s t  l a k e  i n  Otsego County w i t h  12 m i l e s  of shore- 
l i n e  and l ong  expanses o f  sandy beaches. 
The l a k e  i s  e a s i l y  access ib l e  t o  t h e  popu la t i on  cen te r s  o f  t h e  s t a t e  and has 
a t t r a c t e d  r e s o r t - o r i e n t e d  development s i nce  t he  t u r n  o f  t h e  cen tu ry .  Today, over  
1200 homes a re  l oca ted  w i t h i n  one q u a r t e r  m i l e  o f  t h e  lakeshore w i t h  over  550 
homes d i r e c t l y  bo rde r i ng  t h e  water. 
I n  a d d i t i o n ,  t h e  l ake  rece ives  heavy use from a  S t a t e  Park and a  County Park, 
as w e l l  as numerous p u b l i c  accesses a long  i t s  shore. 
Use o f  t he  l a k e  i s  expected t o  r i s e  i n  t h e  f u tu re .  Bagley Township, which 
borders t h e  l a k e  on t he  nor th ,  exper ienced 93.4% popu la t i on  growth between 1970 
and 1975. Otsego Lake Township, t h e  south border  of t h e  lake ,  grew 66.3% between 
1960 and 1970. 
I n  r ecen t  years ,  t h e  r e s i d e n t s  o f  Otsego Lahe have become concerned about 
t h e  water  q u a l i t y  o f  t h e  l ake .  I n  p a r t i c u l a r ,  t h e  Otsego Lake Assoc ia t i on  i s  con- 
s i d e r i n g  va r i ous  management p r a c t i c e s  which cou ld  improve and enhance t h e  l a k e ' s  
water q u a l i t y .  Th is  s tudy  arose from t h e  awareness t h a t  l a k e  management r e q u i r e s  
cons iderab le  eco log i ca l  i n f o rma t i on  t o  be e f f ec t i ve .  The purpose of t h e  s tudy  i s  
t o  document t h e  p resen t  c o n d i t i o n  o f  t h e  l a k e  and t o  suggest where f u t u r e  research  
a t t e n t i o n  should be d i r e c t e d .  
The s tudy was conceived and se t  up under t h e  auspices o f  t h e  Nor theas t  Fl ichigan 
Counci l  o f  Governtnents which p rov ided  va luab le  ass is tance  throughout  t h e  p r o j e c t .  
Support f o r  t he  s tudy was p rov ided  frotn t he  Otsego Lake Assoc ia t i on  and th rough  
t h e  gene ros i t y  o f  t h e  E l i z a b e t h  Kennedy Foundation. I n  a d d i t i o n ,  spec ia l  thanks 
a re  g iven  t o  Flark Paddock, Robert  Koch, E. Zapata, and L i l l i a n  Ber ing .  
DESCRIPTION OF THE STUDY AREA 
Otsego Lake, l oca ted  i n  Otsego County, Mich igan (T29.30N. R3W. ) i s  a  
sha l low,  r e l a t i v e l y  so f twa te r  l a k e  o f  g l a c i a l  i c e  b l ock  o r i g i n .  The l ake  has 
a  maximum l e n g t h  of 5 m i l e s  and a  maximum w i d t h  o f  1 m i l e .  The l a k e  sur face  
area o f  1,964 acres (794.8 hec ta res )  i s  l a r g e  r e l a t i v e .  t o  t he  mean and maximum 
depths o f  9.8 f e e t  (3.0m) and 23 f e e t  (7.0m) r e s p e c t i v e l y .  (F i g .  I, Table I )  
The O r i g i n  o f  t h e  Lake 
The depress ion of Otsego Lake was formed by t h e  m e l t i n g  o f  a  bu r i ed  i c e  
b l ock  l e f t  by t h e  r e t r e a t  o f  t h e  g l a c i e r s  over 12,000 years  ago. The l a k e  
1  i e s  i n an outwash v a l  l e y  between sandy, r o l l  i n g  "moraines" ( g l a c i a l  depos i t s  
o f  sand, c l a y  and rocks  of a l l  s i z e s ) .  Al though many o f  the lakes  n o r t h  o f  
Otsego Lake were engul fed by t h e  Great Lakes a f t e r  t h e  g l a c i e r  receded, t he  
h i g h  r e l i e f  o f  Otsego Lake kep t  i t  above the  anc ien t  l a k e  l e v e l s .  Consequently, 
Otsego Lake i s  approx imate ly  7,000 - 10,000 years  o l d e r  than t he  l akes  o f  
Emmet and Cheboygan Count ies.  (Dor r  & Eschman, 1977). 
Watershed C h a r a c t e r i s t i c s  
The watershed o f  Otsego Lake encompasses p a r t s  of two townships and con- 
s i s t s  p r i m a r i l y  o f  second growth deciduous and mixed (deciduous and con i f e rous )  
f o r e s t  ( F i g .  11, Table  11).  U rban / res i den t i a l  land, i n c l u d i n g  commercial areas, 
r e s i d e n t i a l 5  areas ( 39% developed) and roads, c o n s t i t u t e s  the  nex t  l a r g e s t  land 
Qse t ype  w i t h i n  t h e  watershed. A g r i c u l t u r e  and grass lands comprise a  r e l a t i v e l y  
smal l  f r a c t i o n o f  land-use and a r e  loca ted ,  f o r  t h e  most pa r t ,  i n  up land areas 
away f rom the  lakeshore.  Marshy and swampy wet lands, found p r i m a r i l y  near t h e  
nor thwes t  t i p  o f  i h e  lake,  c o n s t i t u t e  o n l y  a  smal l  percentage o f  t h e  t o t a l  water-  















SHORELINE DEVELOPMENT FACTOR 
RATIO OF LAKE AREA TO WATERSHED AREA 
INFLOWING/OUTFLOWING STREAMS 
23 ft. (7.0m) 
9.8 f t .  (3.011) 
1 m i .  (1.6km) 
5 m i .  ( 8 . l km)  
11.9  m i .  (19.lkrn) 
1963.9 ac res  (794.8ha) 
6571.18 a c r e s  (2821.2ha) 
23,649, 016m3 
1 . 9 1  
None * 
* An a r t i f i c i a l  d r a i n  connects  Otsego Lake t o  t h e  N o r t h  Branch o f  t h e  Au Sab le  
R i v e r  
TABLE I 1  LAND-USE TYPES I N  THE OTSEGO LAKE WATERSHED BASED ON AERIAL PHOTOGRAPHS 
(MICHIGAN DEPARTMENT OF NATURAL RESOURCES, 1 9 6 8 )  
LAND-USE TYPE  MI^ KM2 % 






Lake Area t o  Watershed Ratio 
Lake water qual i ty  protection involves minimizing the input of 
undesirable materials to  the lake from the watershed. Otsego Lake has 
a small lake area t o  watershed area r a t i o  --- 1:2.6*, a  posit ive fac tor  
for  lake protection e f fo r t s .  Table I 1  compares the lake t o  watershed r a t i o  
of Otsego Lake with other lakes in northern Michigan 
T A B L E  I11 
Ratio of Lake Area t o  Watershed Area 
Crooked Lake 1:5.49 
Houghton Lake 1: 1.60 
Lake Margrethe 1:4.01 
Otsego Lake 1:2.60 
Walloon Lake 1:5.30 
Shoreline Development Factor 
The Shoreline Development Factor (SDF)  gives an indication of the a- 
mount a shore1 ine configuration varies from being completely c i r cu l a r .  A 
lake with a large SDF (a long, narrow, h i ~ h  i r regular  lake) wil l  have more 
shore areas t ha t  can be developed, produce runoff, or otherwise contribute 
nutrients  to  a water body, than will a  lake with a low SDF (a round lake) .  
Otsego Lake has a moderate SDF of 1.91. The Table below compares 
Otsego Lake with other northern Michigan lakes. 
T A B L E  IV 
Shore1 ine Development Factors 
Crooked Lake 2 .62  
Houghton Lake 1.53 
Lake Margrethe 1.49 
Otsego Lake 1.91 
Walloon Lake 3.17 
* This f igure  i s  somewhat smaller than that  given in the Mi. Inland Lakes and 
Their Watersheds a t l a s  because of d i f fe ren t  in terpre ta t ion of watershed 
boundaries. 7 
Sediments 
The sha l low mean depth o f  Otsego Lake i s  p r i m a r i l y  t he  r e s u l t  o f  a  
gradual  f i l l i n g  i n  of t h e  o r i g i n a l  bas i n  s i nce  i t s  f o rma t i on  12,000 years  
ago (Door & Eschman, 1977). I n  o rde r  t o  determine t h e  depth o f  t h e  o r i g i n a l  
l ake ,  a  s e r i e s  o f  co res  were taken us i ng  6 f oo t  l eng ths  o f  314 i n c h  ga lvan ized 
s t e e l  p i pe  j o i n e d  w i t h  plumbers f i t t i n g s .  The cores were taken a t  8 l o c a t i o n s  
on t h e  l a k e  on J u l y  11, 1979. (F i g .  111). 
The sediments throughout  t h e  l a k e  c o n s i s t  o f  f l o c c u l e n t ,  brown-green 
o rgan ic  ma t t e r .  The o rgan ic  sediments become compacted and ge la t i nous  w i t h  
depth. The sediment accumulat ion i s  compara t i ve ly  sha l low a t  t h e  n o r t h  and 
south ends of t h e  l a k e  (5  f e e t  and 7.5 f ee t  r e s p e c t i v e l y )  and q u i t e  deep i n  
t h e  c e n t e r  o f  t h e  l a k e  (18 f e e t  a t  S t a t i o n  1 and over  21.5 f e e t  a t  S t a t i o n  5 ) .  
On t h e  s i x  s i t e s  where a  f i r m  subs t ra te  was reached, t h e  bottom ma te r i a l  was 
a  gray, reduced sand. The sediment a t  t h e  n o r t h  end o f  t h e  l a k e  was coarser  
and i nc l uded  pebbl es. 
P a r t i c u l a r  a n a l y s i s  o f  Otsego Lake bottom muck i n d i c a t e s  t h a t  t h e  
f l o c c u l e n t  sediments c o n s i s t  o f  water  (96.?%) o rgan ic  m a t t e r  (2.5%) and 
f i n e  g r a i n  i no rgan i c  m a t e r i a l  (0.8%). The a n a l y s i s  suggests t h a t  t h e  sed i -  
menta t ion  i n  Otsego Lake r e s u l t s  p r i m a r i l y  f rom d e p o s i t i o n  o f  p l a n t  and 
animal m a t e r i a l  f rom t h e  l a k e  water.  Th i s  hypothes is  i s  s t rengthened by 
i n f o r m a t i o n  f rom S c o t t  (1921) who found t h a t  l i t t l e  sediment en te red  t h e  
l a k e  w i t h  su r f ace  r u n o f f .  
Discharge and I n f l o w  
Groundwater i n f l o w  i s  t h e  p r imary  source o f  water t o  Otsego Lake. 
An ex tens i ve  groundwater a q u i f e r  u n d e r l i e s  t he  e n t i r e  area surrounding t h e  
l a k e  and t h e  h i g h l y  permeable s o i l s  (Rubicon and Gray l i ng  sands) a l l o w  d i r e c t  
12 f e e t  . 
1 2  f e e t  
6 f e e t  
4;5 f e e t  
6.5 f e e t  
1 f o o t  
.5 f e e t  
17.5  f e e t  
5 f e e t  
.... .... .... .... ..,. .... 4.5  f e e t  ..,. 
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20 f e e t  
3,5 f e e t  
5 f e e t  
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m a t t e r  
gray, reduced sand  I 2 1  f e e t  
c o u r s e  sand m i x e d  
w i t h  pebb les  
0 o r i g i n a l  l a k e  b a s i r  
compos i t ion  
unknown 
and r a p i d  recharge of t h e  a q u i f e r  f r om  p r e c i p i t a t i o n  (Dunn Geoscience 
Corpora t ion ,  1979). 
The mean water  res idence  t ime  i n  Otsego Lake i s  3.6 years,  r e s u l t i n g  
i n  approx imate ly  28% of t h e  l a k e ' s  water  volume be ing  rep laced  each year .  
P r e c i p i t a t i o n  accounts f o r  44% o f  t h e  annual hyd ro l og i ca l  i npu t ;  ground- 
water  seepage and sp r i ngs  comprise t h e  remain ing 56%. 
There has been a  g r e a t  dea l  o f  con t roversy  sur rounding t he  ou t - f l ow  
channel of Otsego Lake. S c o t t  (1921) suggested t h a t  i n  g l a c i a l  t imes t h e  
l a k e  n a t u r a l l y  d ra i ned  eastward t o  the  Nor th  Branch o f  t h e  Au Sable R ive r .  
S c o t t  speculated t h a t  f o l l o w i n g  t h e  disappearance o f  t h e  g l a c i e r s ,  ground- 
wa te r  and l a k e  water  l e v e l s  d e c l i n e d  and t h e  o u t l e t  was abandoned. 
I n  1972, a f t e r  t h r e e  years  o f  ve ry  h i gh  water  l e v e l s  (U.S.G.S. un- 
pub l i shed  da ta )  an e f f o r t  was made t o  s t a b i l i z e  l a k e  l e v e l s  (Otsego County 
C i r c u i t  Cour t  Case No. 136-2). An a r t i f i c i a l  d r a i n  was b u i l t  t o  connect 
t h e  l a k e  t o  t h e  Nor th  Branch o f  t h e  Au Sable R ive r .  The a r t i f i c i a l  d ra i n ,  
l o c a t e d  on t h e  eas te rn  shore, i s  operated by t h e  County Road Commission 
and i s  used t o  ma in ta i n  t h e  upper l e g a l  7el;al of t he  l ake  (1,273.5 f e e t ) .  
A l though no formal  records  a re  kep t  o f  out f low,  personal  communication w i t h  
t h e  opera to rs  has a l l  owed dra inage es t ima t i ons  t o  be made (Table  V ) .  
Accord ing t o  law, t h e  d r a i n  may be open f o r  a  maximum o f  90 days 
each yea r  (March 15  - June 5) .  I f  i t  i s  opened f o r  t h e  maximum t ime, t h e  
3 l a k e  l e v e l  would drop 15.36 inches (3,303,978.3m ) .  I n  1978 and 1979 how- 
ever, t h e  d r a i n  accounted f o r  a  drop i n  l a k e  l e v e l  o f  one i n c h  and s i x  inches 
r e s p e c t i v e l y .  Fu r t he r  decreases i n  t h e  l ake  l e v e l  a r e  t h e  r e s u l t  o f  ground- 
water  f l o w  o u t  o f  t h e  l a k e  towards t h e  North,  East, and Main Branches o f  t h e  
Au Sable R ive r .  
TABLE V 
Surface Discharge from Otsego Lake 
Per iod D ra in  Opened 
To ta l  Discharge 
9,072,000 c fw  
A p r i l  1-7th 
(7 days) 
March 30 - Ap r i  1 1 
A p r i l  23 - May 25 
(32 days) 
% o f  To ta l  Lake Volume 1 5 
Impact on Lake Level  1.2 i n c h  decrease 6 i n c h  decrease 
METHODS 
Limnological Characterist ics 
Morphometric fea tures  of Otsego Lake were determined from hydrographic 
maps compiled by the I n s t i t u t e  f o r  Fisheries Research, Michigan Department 
of Natural Resources, 1935-36. Surface area was calculated using a  Gelman 
Planimeter (Lind, 1979), and lake volume was calculated using frustrum 
volumes (Welch, 1948). 
All physical, chemical, and biological samples were taken from a  
s ingle  deepwater s t a t ion  indicated on Figure I .  Samples were taken June 11, 
June 28, July 11, August 1, and August 30, 1979. Temperature prof i les  were 
recorded a t  one meter in tervals  using a  YSI Tel-Theromometer. Light trans-  
parency was measured with a  Helliye Turbidmeter. 
Water samples were obtained with a  three l i t e r  horizontal Van Dorn bo t t l e .  
Dissolved oxygen was determined t i  triometrical ly with the azide modification 
of the Winkler method ( A P H A ,  1975) fo r  the August samples and with a  YSI 
Model 57 dissolved oxygen probe fo r  the June and July samples. 
Plankton samples were obtained by bottom to  surface tows of a  cylinder- 
cone plankton net with a  No. 20 (80 u m )  nylon mesh. Plankton samples were 
examined qua l i t a t ive ly  using l i v e  and preserved samples. Phytoplankton 
samples were preserved in 1% Lugol's iodine. Zooplankton samples were pre- 
served in 5% buffered formalin. Phytoplankton samples were also obtained on 
August 30 by t rea t ing unf i l tered lake water with Lugol's iodine to  allow 
s e t t l i n g  fo r  the enumeration of nannoplankton. 
Rooted aquatic vegetation were qua l i t a t ive ly  collected using a  grappling 
hook suspended from a  motorboat. Dredge samples were collected with an 
Ekman dredge and sieved with a  No. 30 mesh screen. Total a l ka l i n i t y  was 
measured t i t r i o m e t r i c a l l y  wi th  a mixed i n d i c a t o r  s o l u t i o n  o f  bromocresol- 
green-methyl-red (APHA, 1975) .  Determinat ions  of pH were made p o t e n t i o -  
m e t r i c a l l y  on a Beckman S e l e c t m e t e r  pH meter .  
Conduc t iv i ty  was measured on an I n d u s t r i a l  Ins t ruments  Model RC-16B2 
Conduc t iv i ty  Bridge.  Conduc t iv i ty  read ings  were c o r r e c t e d  t o  umhos/cm a t  
25°C (Wetzel and Likens ,  1979) .  
Hardness, ca lc ium,  and magnesium were determined t i t r i o m e t r i c a l l y  w i t h  
an EDTA s o l u t i o n  (APHA, 1975).  Amonia-ni  t r o g e n ,  n i  t r a t e / n i  t r a t e - n i  t r o g e n ,  
s o l u b l e  phosphorus, t o t a l  phosphorus,  and s i l  i ca  were a11 determined c o l o r i  - 
m e t r i c a l l y  on a Technicon Dual Channel Autoanalyzer I 1  us ing methods d i s -  
cussed i n  Gannon and Paddock (1974) .  
Chlorophyll  a was determined f l o u r o m e t r i c a l l y  on a Turner  Model I11 
f louromete r  us ing methods d e s c r i b e d  i n  Gannon and Paddock (1974) .  
Watershed C h a r a c t e r i s t i c s  
Tota l  watershed a r e a  i s  de f ined  here  a s  t h e  a r e a  bounded by t h e  high- 
e s t  e l e v a t i o n  which c o n t i n u a l l y  surrounds d given l a k e .  The Otsego Lake 
watershed was t r a c e d  from U .  S. Geological  Su-vey quadrangl e maps (1 : 24,000, 
7.5 minute and 1:62,000, 15 minute)  and t h e  a r e a  was determined us ing a 
Gelman Planimeter  (Lind,  1979) .  
Land-use/land cover  types  wi th in  t h e  watershed were determined from 
a e r i a l  photographs (U.S. F o r e s t  S e r v i c e ,  1968, Fig.  IV). The a r e a  o f  each 
land type  was determined us ing a Gelman P lan imete r .  
N u t r i e n t  Loading Determinat ions  
Values on phosphorus and n i t r o g e n  load ing  from v a r i o u s  l and  cover  t ypes  




Fig. IV. Water quality 
parameters of northern 
Michigan lakes. 
and nutr ient  expo~-,i values from the north and northeastern fo res t  and forage 
region of the U.S. were employed (Appendix A-1). Cmernik's "mostly agricul-  
ture" category was chosen instead of his "agriculture" category since "mostly 
agriculture" grouping contains both ac t ive  and fallow farmland. 
Septic System Nutrient Contributions 
The loading of phosphorous and nitroger, to Otsego Lake from sep t ic  
systems was calculated using information on husehold s i z e ,  length of occu- 
pancy, soi l  types, groundwater flow, and information obtained from a shore- 
l i ne  algal survey. 
Based on the algal  survey only 210 sept ic  systems on the western shore 
of the lake were considered t o  contribute nutrients  to  the lake. The sep t ic  
systems were counted using the Fac i l i t i e s  Plan Maps prepared by Williams and 
Works, Inc. (1976). I t  was estimated t ha t  average household s i z e  was 3.4 
persons/dwell i n g  uni t  ( U .  S .  Census, 1970). The type of residence was weighted 
for  year-round occupancy (1 .0)  and seasonal occupancy ( .25) using an estimate 
of 70% seasonal residents (Williams and Works, 1976). Septic system loading 
values of 1.37 kglhouseholdlyear phosphorus a r d  14.52 kg/household/year 
nitrogen were used (U.S .  E P A ,  1972) .  The percentage of phosphorus and nitrogen 
tha t  would reach the lake from each sep t ic  system was calculated based on so i l  
charac te r i s t i c s  such as  natural drainage, depth to  seasonal high groundwater 
and phosphorus and nitrogen adsorption capabil i t i e s  (Appendix A-2). Soil 
types were determined from general ized soi 1s map (U .S  . D . A . ,  1949). Total 
sept ic  system nutr ient  loading was then calculated from the number and type 
of residence on each soi l  type, the to ta l  nutr ient  input/househol d/year 
and the % of nutr ients  reaching the lake. 
Precipi ta t ion and Dryfall 
In order t o  quantify nutr ient  loading from precipi ta t ion,  information 
on the  quanti ty and nu t r i en t  chemistry of precipi ta t ion was taken from work 
done by Gannon and Mazur (1978) in Northern Michigan. 
Total phosphorus loading from precipi ta t ion was determined t o  be the 
amount of phosphorus f a l l  ing on 1 hectare of 1 and .per year ( .45 k g )  times 
the surface area of the lake (794.8 hectares) .  Total nitrogen loading from 
precipi ta t ion was determined t o  be the  amount of nitrogen f a l l i ng  on 1 hectare 
of land per year (7.9 k g )  times the surface area of the lake (794.8 hectares) ,  
Flushing Rate 
Flushing r a t e  was determined theore t i ca l ly  using methods described by 
Dillon and Rigler (1975). By t h e i r  method, yearly outflow i s  equal to  the 
runoff from the watershed plus the difference between precipi ta t ion and evapo- 
ra t ion  from the lake i t s e l f .  Using groundwater flow information from Dunn 
Geoscience Corp. (1975), coupled with the resu l t s  of the algal  survey, the 
groundwater drainage basin was calculated t o  be 12.64 kilometers (62.8% of the  
surface watershed). 
3 2 The estimate used fo r  ca lcula t ing annual runoff (.29m /m ) was derived 
from the work of Pentland (1968). Average precipi ta t ion (32.5 inches/yr) was 
obtained from NOAA (1978) and estimates of annual evaporation (18 inches/yr) 
from Kazrnann (1972). 
TROPHIC STATUS 
Over thousands of years,  even the c l e a r e s t  and deepest lakes begin 
to  "age". Lakes gradually f i l l  with sediment and aquatic plants and undergo 
changes in c l a r i t y  and f i sh  composition. The r a t e  a t  which a lake ages i s  
determined by the extent  and type of inputs From the watershed and by i t s  
morphometric and chemical features.  Limnologists use the term oligotrophic 
to  describe a lake which does not show signs of aging. An ol igotrophic lake 
i s  charac te r i s t i ca l ly  c lea r ,  deep and has low concentrations of algae and 
aquatic plants (Table VI, Level 1 ) .  Lake residents normally equate oligo- 
trophic lakes with good water qual i ty .  
A eutrophic lake exhibits  charac te r i s t i c s  of extensive aging such as 
abundant plant growth, organic sediment deposition and low oxygen levels  dur 
ing s t r a t i f i c a t i o n  (Table VI, Level 3 -4) .  Lake residents usually regard 
eutrophic lakes as undesireable fo r  water contact recreation.  "Mesotrophic" 
lakes ( T A B L E  VI, Level 2 )  f a l l  inbetween oligotropic and eutrophic 
bodies. 
Productive lakes can be valuable natural resources. For example, f i sh -  
erman often enjoy the benefi ts  of the higher productivity of mesotrophic and 
eutrophic waters. However, in extreme eutrophic conditions, sport  f i sh  
species decline and a re  replaced by coarse species. 
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The terms oligotrophy, mesotrophy and eutrophy a r e  general terms of lake 
c l a s s i f i c a t i o n .  Many schemes have been developed t o  more precisely r a t e  lake 
water qua1 i t y  and to  enable comparisons with other  lakes. One such method 
breaks lake c l a s s i f i c a t i o n  down in to  four levels  based primarily on three  para- 
meters of water qual i ty :  secchi d isc  reading, chlorophyll a concentrat ion,  and 
to ta l  phosphorus concentrat ion.  In t h i s  scha;ne, oligotrophy i s  represented by 
Level 1 and eutrophy i s  represented by Level @ .  Levels 2 and 3 describe the 
s t a t e s  which lead from oligotrophy to  eutrophy, Table VI shows the  four l e v e l s ,  
and the  parameter ranges and water qual i ty  c h a r a c t e r i s t i c s  typ ica l ly  exhibited 
by each l eve l .  
Under t h i s  c l a s s i f i c a t i o n  system, Otsego Lake i s  ra ted  as  a  Level 2 and 
, 
Level 3 lake. Mean summer chlorophyll a concentrat ions,  a  measure of one of 
the photosynthetic pigments in algae,  averaging 5 . 2  (f 5 .5 )  p . p . b .  r a t e  the  lake 
a t  the upper l imi t  of Level 2 .  
Other more v i s i b l e  aspects  of Otsego Lake which ind ica te  a  Level 2 o r  
Level 3 c l a s s i f i c a t i o n  include: 
- a  productive warm water f i she r  
- a  dominance of blue green ale: : ~ i i - g  sumner 
- widespread growth of submergec i n d a t ~ c  plants  
- abundant organic sediments. 
An important fea ture  of t h i s  c l a s s i f i c a t i o n  system i s  t h a t  new data can 
be applied t o  de tec t  f luc tuat ions  7 n  lake ra t ing .  Continuous pa r t i c ipa t ion  in 
the DNR's Self Help Program will guarantee data f o r  l o n g  term comparisons. 
Fig. V compares the water qua l i ty  of Otsego Lake with other  northern Michigan 
lakes. 
Satel l  i  t e  Imagery 
Prior  t o  the  present study, l i t t l e  water qual i ty  information had been 
gathered on Otsego Lake. However, Landsat s a t e l l i t e  imagery of Otsego Lake from 
1975 i s  avai lable  (Rogers, 1 9 7 7 ) .  The imagery displays Otsego Lake as a water 
body w i t h  both mesotrophic and eutrophic cha rac te r i s t i cs .  Based on t h i s  s i n g l e  
in format ion  source, i t  appears t h a t  d r a s t i c  changes i n  water q u a l i t y  have no t  
occurred on Otsego Lake i n  the  l a s t  4 years. 
PHYSIOCHEMICAL FEATURES 
Light Penetration 
Otsego Lake has c l e a r ,  unstained water t h a t  allows good l i g h t  penetrat ion.  
The method of measuring l i g h t  penetration which i s  most frequently used both 
as an absolute measure and a s  a  means of c o n ~ a r i n g  d i f f e r e n t  waters i s  the 
secchi d i sc .  
Secchi d isc  readings on Otsego Lake ranged from 10 f t .  (3.0rn) t o  14.8 f t .  
(4.5m) during the  summer months. The euphotic zone ( t h e  portion of the  lake 
where l i g h t  in tens i ty  i s  s u f f i c i e n t  t o  promote photosynthesis) i s  usually 
considered t o  extend twice the  depth of the secchi d i sc  measurement. On Otsego 
Lake, the  euphotic zone extends t o  the  lake bottom throughout most of the  lake. 
Light penetration should not be a  l imi t ing  f a c t o r  t o  p lant  growth. Rooted 
aquatic plants  were not found however, a t  depths below 14.8 f t .  (4.5m). 
Healthy algal  populations were ident i f ied  below t h i s  depth. 
Limiting Growth Factor 
The primary producers of Otsego Lake, t h ?  $-opted plants  and a lgae ,  each 
require s l i g h t l y  d i f f e r e n t  nut r ients  to f l o k l - s h .  Natural algal  communities 
u t i l i z e  nitrogen and phosphorus in the r a t i o  12:l t o  14 : l  (Cole 1975). I n  the  
spring of 1979, the r a t i o  of inorganic nitrogen to  t o t a l  phosphorus in  Otsego 
Lake was approximately 18: l .  This suggests a lga l  production i s  usually l imited 
by the a v a i l a b i l i t y  of phosphorus. 
Alkal in i ty ,  pH, and Conductivity 
Otsego Lake contains s o f t e r  water than many of the  l a rge  recrea t ional  lakes 
in northern lower Michigan and has a  limited capacity t o  buffer phosphorus and 
other pol lu tants .  Total a l k a l i n i t y  measured 65 mg/C; calcium concentrat ions 
2 were 20 p , p . m . ,  and spec i f i c  conductance ranged from 122-152 umhos/cm , Most 
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Mich igan  l a k e s  have a  mean a1 k a l  i n i  t y  o f  104-151 mg/ l .  The s o f t  waters  o f  
t h e  Otsego Lake a r e  a  r e s u l t  o f  t h e  ca l ca reous -poor  s o i l s  w i t h i n  t h e  watershed,  
Temperature and D i s s o l  ved Oxygen 
The s h a l l o w  n a t u r e  and c o m p a r a t i v e l y  l a r g e  s i z e  o f  Otsego Lake r e s u l t  i n  
v i r t u a l l y  con t inuous  wind d r i v e n  m i x i n g  o f  t h e  e n t i r e  wa te r  column d u r i n g  
i c e - f r e e  p e r i o d s  ( F i g .  V ) .  The wa te r  tempera tu re  i s  n e a r l y  u n i f o r m  f rom t h e  
s u r f a c e  t o  t h e  sediments and l i t t l e  change occurs  i n  t h e  chemica l  q u a l i t i e s  o f  
t h e  water  w i t h  depth.  
High d i s s o l v e d  oxygen c o n c e n t r a t i o n s  a r e  found t h r o u g h o u t  t h e  wa te r  column 
d u r i n g  t h e  i c e - f r e e  months. A t  c e r t a i n  t imes  d u r i n g  t h e  summer t h e  upper wa te rs  
become supersa tu ra ted  w i t h  oxygen, a  r e s u l t  o f  p h o t o s y n t h e s i s  and a  common 
occur rance i n  meso t roph ic  and e u t r o p h i c  l a k e s  (Appendix B y  1 - 7 ) .  
D u r i n g  t h e  months when i c e  covers  Otsego Lake, oxygen canno t  e n t e r  i n t o  
t h e  wa te r  f rom t h e  atmosphere and p h o t o s y n t h e t i c  oxygen c o n t r i b u t i o n  i s  n e g l i -  
g i b l e  due t o  l o w  l e v e l s  o f  l i g h t  and temperature .  I n  a d d i t i o n ,  oxygen i s  de- 
p l e t e d  f rom t h e  wa te r  by t h e  dea th  and deca.. - ? q u a t i c  p l a n t s  and an ima ls  
and t h e  incumbant b a c t e r i a l  r e s p i r a t i o n .  
A l though  t h e  scope of t h i s  p r o j e c t  d i d  n o t  p e r m i t  w i n t e r  sampl ing,  i t  
i s  specu la ted  t h a t  oxygen d e p l e t i o n  does occur  d u r i n g  i c e  cove r .  A  c r i t i c a l ,  
and as y e t  unanswered ques t ion ,  i s  t o  what e x t e n t  t h e  d e p l e t i o n  occu rs .  
Oxygen D e p l e t i o n :  P o s s i b l e  Impact  on Water Q u a l i t y  
W i n t e r  oxygen l e v e l s  a r e  c r u i c i a l  f o r  maintenance o f  game f i s h  p o p u l a t i o n s .  
Lakes which  undergo severe  oxygen d e p l e t i o n  w i l l  expe r jence  f i s h  k i l l s  and may 
e v e n t u a l l y  undergo a  change i n  f i s h  spec ies  c o m p o s i t i ~ n :  f r o m  n o r t h e r n  p i k e ,  
smal lmouth bass, and pe rch  t o  coa rse r  f i s h  such as sucker  and b u l l h e a d s .  
Disso lved  oxygen l e v e l s  may a l s o  p l a y  a  dominant r o l e  i n  t h e  n u t r i e n t  
c y c l e s  o f  Otsego Lake. Laboratory  exper iments  conducted on t h e  sediments o f  
t h e  l a k e  demonstrated major  d i f fe rences  i n  phosphorus c y c l i n g  under aerob ic  
and anaerobic c o n d i t i o n s  (Appendix C ) .  Under aerob ic  c o n d i t i o n s  t he  sed i -  
ment appears capable of a c t i n g  as a  s i n k  f o r  phosphorus. I n  one s e r i e s  o f  
exper iments a  m i x t u r e  o f  l a k e  water  and sediment i n  a  r a t i o n  o f  5 0 : l  was i n -  
j e c t e d  w i t h  va r y i ng  concen t ra t ions  o f  phosphorus and shaken f o r  6  hours a t  
cons tan t  temperature.  The sediment water  m i x t u r e  which was i n j e c t e d  w i t h  a  
phosphorus concen t ra t i on  s i m i l a r  t o  t h a t  of Otsego Lake, removed 40-67% o f  
t he  added phosphorus. Based on t h i s  exper iment,  t h e  sediments o f  Otsego 
Lake a c t  as a  phosphorus s i n k  under aerob ic  cond i t i ons .  
I n  exper iments  performed under anaerobic cond i t i ons ,  t h e  sediments 
d i d  n o t  e x h i b i t  phosphorus adsorp t ion .  On t h e  con t ra r y ,  phosphorus l e v e l s  
i n  t h e  wa te r  increased markedly.  A f t e r  72 hours o f  anaerobic cond i t i ons ,  
phosphorus con ten t  o f  t h e  water  increased f rom 3.4 t o  22 t imes t h e  i n i t i a l  
measured 1 eve1 s. 
No da ta  i s  a v a i l a b l e  concern ing t he  e x t ? n t  o f  anox ic  c o n d i t i o n s  d u r i n g  
i c e  cover  so i t  i s  n o t  p o s s i b l e  t o  ga in  a  t o t a l  p i c t u r e  o f  n u t r i e n t  c y c l i n g  
w i t h i n  t h e  lake.  Resu l t s  e x t r a p o l a t e d  from t h e  l a b o r a t o r y  exper iments i n d i -  
c a t e  t h a t  i f  t h e  bottom waters become anaerobic,  n u t r i e n t  r e l ease  from t h e  
sediments cou ld  r a i s e  t h e  mean orthophosphorus concen t ra t i on  i n  t h e  l a k e  water 
by 0.7 - 6.1 p.p.b. Cons ider ing t he  l i m i t e d  b u f f e r i n g  capac i t y  o f  t h e  water,  
phosphorus increases o f  t h i s  magnitude cou ld  cause heavy s p r i n g  and s u m e r  
growths o f  a lgae  and aqua t i c  p l a n t s .  The occurance o f  b lue-green a lgae  
blooms i n  s p r i n g  1975 and 1979 suggest t h a t  phosphorus l e v e l s  a re  h i g h  f o l l ow -  
i n g  i c e  break up; the  blooms would be expected i f  anoxic c o n d i t i o n s  p r e v a i l e d  
i n  t h e  bottom waters .  
BIOLOGICAL FEATURES 
Phytoplankton 
Phytoplankton, o r  algae,  a r e  microscopic plants  which a r e  the  primary 
producers in lake systems and form the base of the  e n t i r e  lake food chain. 
Analysis of the algal  population of a  lake czn  provide ins igh t  in to  the  
health of aquatic l i f e  within a water body. Algae can a l s o  serve as bio- 
logical  indicators  of overall  water qua l i ty  when considered within the  con- 
t e x t  of a l l  limnological data.  
A monthly survey of the  a lga l  f l o r a  of Otsego Lake was conducted dur- 
ing the  summer of 1979 as  par t  of a  comprehensive water qua l i ty  survey. The 
r e s u l t s  of the  algal  survey are  i l l u s t r a t e d  i n  Appendix D , 1 .  
Table D - 1  indica tes  t h a t  many taxa of freshwater algae were found in 
Otsego Lake. The plankton was dominated by the blue-green and golden algae.  
Relat ively moderate amounts of diatoms, and very few green algae were a lso  
present.  
Chlorophyll a concentrations a r e  usefu? l n  determining the t o t a l  abun- 
dance of algae in a  lake. Chlorophyll cr i s  t $ e  substance used by algae in 
the photosynthetic process t o  convert so la r  energy in to  chemical energy and 
i s  found in a l l  types of algae (Smith, 1959) .  The measured concentrations of 
chlorophyll a found in Otsego Lake a r e  represented in Appendix B-3. 
Blue-green algae represented the l a rges t  component of the  Otsego Lake 
phytoplankton during the summer months. Blue-green algae a re  considered t o  
be a "nuisance algae" because they f l o a t  i n  the surface waters and a r e  in-  
edible t o  most zooplankton and f i s h  predators. The algae contain gas vacuoles 
which keep them bouyant a t  the lake surface even a f t e r  they have died. 
I n  1975, t h e  surface of Otsego Lake was covered w i t h  a  blue-green a l g a l  
bloom of noxious p ropo r t i ons .  Throughout t he  summer o f  1979, t h e  waters o f  
Otsego Lake were v i s i b l y  spo t t ed  w i t h  GleoLkLckia eckinuhzta , a  p lank ton i c  
blue-green algae. On J u l y  11, t h e  waters o f  t h e  County Park were h e a v i l y  
spo t ted  w i t h  GleoLkLckia and t he  f o l l o w i n g  sur face  c h l o r o p h y l l  a measure- 
ment read ings  were found: 
Loca t ion  Chl; a P haeo . 
East (Arbutus Beach) 3.84 ppb - .95 
Center (Deep Depression) 2.28 ppb - .59 
West (South o f  County Park) 22.50 ppb -17.20 
On August 1, a  heavy blue-green bloom was noted which co inc ided  w i t h  a  very  
h i g h  Ch lo rophy l l  a read ing  on t h a t  date.  The r e s u l t s  of t h e  Ch lo rophy l l  a 
t e s t s  a r e  notewor thy because t h e  values on t he  west s i de  o f  t h e  l ake  i n d i c a t e  
extreme eu t roph i c  c o n d i t i o n s  w h i l e  t h e  cen te r  of t h e  l ake  e x h i b i t e d  ext remely  
c l ean  o l i g o t r o p h i c  cond i t i ons  (EPA, 1974). The55 cursory  r e s u l t s  p o i n t  ou t  
t h e  need f o r  f u r t h e r  d e t a i l e d  water q u a l i t y  i n v e s t i g a t i o n s  on Otsego Lake. 
A l l  a lgae  t h r i v e  i n  lakes w i t h  h i gh  n u t r i e n t  l e v e l s ,  b u t  blue-green a lgae 
i n  p a r t i c u l a r  can dominate t h e  a l g a l  f l o r a  i n  lakes w i t h  low l e v e l s  of a l k a -  
l i n i t y  t h a t  exper ience phosphorus l oad ing  (K ing 1979). Phosphorus l o a d i n g  w i l l  
i nc rease  a l g a l  p roduc t ion  which reduces carbon d i o x i d e  concent ra t ions  more 
q u i c k l y  i n  so f twa te r ,  low a l k a l i n i t y  lakes  than i n  hard water lakes.  Blue-green 
a lgae  dominance occurs under c o n d i t i o n s  o f  low carbon d i o x i d e  concent ra t ions  
(K ing  1979). It f o l l o w s  t h a t  low a l k a l i n i t y  lakes  w i t h  h i gh  concent ra t ions  
o f  phosphorus, such as Otsego Lake, w i l l  be suscep t i b l e  t o  blue-green a l g a l  
blooms. 
Otsego Lake has t o t a l  a1 kal i n i t y  of 65 p.p.m. (Appendix B ) .  The mean 
a lka l i n i t y  fo r  most Michigan lakes ranges from 104 p.p.m. to  151 p.p .m.  
(Edmands 1976). Figure VIa compares the low a lka l i n i t y  of Otsego Lake with 
other lakes in Northern Michigan. Figure VIb i l l u s t r a t e s  the phosphorus 
concentrations required to establ  ish bl ue-green a1 gae a s  the dominant algae 
in the phytoplankton in these lakes ( a f t e r  King, 1979). The softwater of 
Otsego Lake becomes dominated by blue-green algae when the concentration of 
phosphorus i s  16 p.p .m.  Total phosphorus concentrations exceeded 16 p.p.m. on 
both dates tha t  phosphorus was sampled (Appendix B - 2 ,  8-4). Otsego Lake 
will be susceptible to  bl ue-green algal dominance as 1 ong as phosphorus levels  
remain over 16 p.p.m. 
hkctrocys;tin auugirzuisa was abundant in a l l  plankton samples. This blue- 
green algae i s  a common component of algal  blooms in eutrophic lakes although 
i t  i s  found in a wide variety of habitats  (Prescot t ,  1975). The in terface  
between the bottom waters and the surface of the f locculent  " f a l s e  bottom" was 
sampled on August 1, 1979. hycttocqisLL3 was found t o  be densely growing a t  the 
in terface  causing chlorophyll a concentrations i n  excess of 370 p . p . b .  
Diatoms a re  microscopic a1 gae composed c-i' s i  1 ica f rus tul  es ("she1 1 s"  ) . 
Si l i ca  i s  an essent ia l  nutr ient  f o r  diatoms, and t h e i r  abundance can be limited 
by low ambient s i l i c a  concentration of the lake water (Wetzel, 1975). Several 
s tudies indicate tha t  diatoms a r e  limited in nature by s i l i c a  concentrations 
of l e s s  than .5  p .p .m.  (Hutchinson, 1957). Summer s i l i c a  concentrations in 
Otsego Lake ranged from .18 t o  .35 p . p . m . ,  below the op-bimal levels  f o r  diatom 
growth. As expected, diatom concentrations were re la t ive ly  low in the plankton 
samples . 
The speci f ic  environmental requirements for  the existence of most fresh- 
water diatoms have been compi led (Lowe, 1975). Consequently, diatoms a re  often 
OTSEGO HOUGHTON WALLOON MARGRETHE CROOKED 
Fig. VIa. Total alkalinity of northern 
Michigan lakes. 
OTSEGO HOUGHTON WALLOON IAARGRETHE CROOKED 
Fig. VIb.  Concentration of phosphorus required 
for blue-green algal dominance (after King, 
1979). 
used a s  b i o l o g i c a l  i n d i c a t o r s  o f  w a t e r  q u a l i t y .  The Otsego Lake d i a t o m  popu- 
l a t i o n  was dominated by S y n c h a  d & c a t h b i m a ,  a  d i a t o m  found i n  e u t r o p h i c  
wa te rs  (Lowe, 1974).  
Severa l  spec ies  o f  V i n a b n g u n ,  a  go lden a lgae,  c o n s i s t e n t l y  compr ised a  
s i g n i f i c a n t  p o r t i o n  o f  t h e  summer p h y t o p l a n k t o n .  I t  has been s p e c u l a t e d  
t h a t  t h e  l o r i c a s  ( t h e  s t r u c t u r a l  s u p p o r t )  c ~ f  S i f i a b n y o n  c o n t a i n  some s i l i c a  
(Smith,  1950) and may compete w i t h  t h e  d i a t o i l ~ s  f o r  d i s s o l v e d  s i l i c a .  The 
low l e v e l s  o f  s i l i c a  found i n  Otsego Lake do n o t  appear t o  i n h i b i t  t h e  g rowth  
o f  V i n o b n y a n .  
The a l g a l  community o f  Otsego Lake suggests t h a t  t h e  l a k e  i s  i n  an ad- 
vanced s tage  o f  mesotrophy a l o n g  t h e  cont inuum between o l i g o t r o p h y  and eu t rophy .  
The dominance o f  b lue -g reen  a l g a e  a l o n g  w i t h  t h e  r e l a t i v e  s c a r c i t y  o f  d ia toms 
i s  c o n s i s t e n t  w i t h  mesot roph ic  and e u t r o p h i c  l a k e s  (Hutch inson,  1967).  The 
summer a l g a e  o f  Otsego Lake i n c l u d e d  b o t h  S ~ a ~ r n ~ L t w n  sp., a  green a1 gae found 
i n  o l i g o t r o p h i c  l akes ,  and A i i ~ c ~ c y s L L $  nency.i~zana, a  b lue -g reen  a l g a e  found i n  
e u t r o p h i c  l a k e s .  The s imul  taneous presence o f  bo th  01 i g o t r o p i c  and e u t r o p h i c  
i n d i c a t o r  organisms i s  t y p i c a l  o f  mesotropb- ,aAzs (Gannon and S t o c k w e l l ,  1978).  
Zoop lankton 
Zoop lankton a r e  t h e  m i c r o s c o p i c  an ima ls  wh ich  f e e d  on a l g a e  o r  s m a l l e r  
zoop lankton,  and which  i n  t u r n  a r e  fed upon by most f i s h .  The zoop lank ton  
o f  Otsego Lake c o n s i s t s  p r i m a r i l y  o f  t h e  non-co lored,  s m a l l - s i z e d  genera o f  
r o t i f e r s  and c rus taceans  (Appendix D - 2 ) .  The abundance o f  smal l  , non-col  o red  
genera i s  expected i n  s h a l l o w  l a k e s  w i t h  l a r g e  f i s h  p o p u l a t i o n s  and good w a t e r  
c l a r i t y  such as Otsego Lake (Wetzel  , 1975).  
C h y d a & i l c ~ ~  .spl~nekic~cs was v e r y  common i n  t h e  August zoop lank ton  tows when 
1  arge b lue -g reen  a l g a l  c o l o n i e s  were v i s i b l e  i n  t h e  wa te r  column. C l t i / d a e ~ ~ 4  
i s  n o t  common t o  t h e  open wa te r  p l a n k t o n  except  under e u t r o p h i c  c o n d i t i o n s  
I 
when a l g a l  c o l o n i e s  a r e  p r e s e n t  (Gannon and Mazur, 1979) .  The abundance of 
Chydohuh i n  August c o i n c i d e d  w i t h  t h e  observed b lue-green a1 ga l  bloom and 
I 
c h l o r o p h y l l  a maximum and r e i n f o r c e s  t h e  need f o r  c a r e f u l  water  q u a l i t y  I 
m o n i t o r i n g  i n  t h e  f u t u r e .  I 
Benthos 
Numerous dredges were taken  a t  t h e  sample s i t e ,  b u t  o n l y  one r e d  
Ckinanomid was found o u t  of 8 samples th roughou t  t h e  e n t i r e  sumner. The 
v i r t u a l  absence of  benthos i s  t y p i c a l  of  l a k e s  w i t h  f l o c c u l e n t  s u b s t r a t e s .  
I 
The f l o c c u l e n t  sediments of  Otsego Lake make benthos c o l o n i z a t i o n  ex t reme ly  
d i f f i c u l t .  
I 
I 
F i  sh 
The Department o f  N a t u r a l  Resources (DNR)  has e x t e n s i v e l y  surveyed I 
t h e  f i s h  community of  Otsego Lake. Resu l t s  i n d i c a t e  t h a t  Otsego Lake i s  a  
h i g h  q u a l i t y  f i s h i n g  l a k e  w i t h  r e l a t i v e l y  l ow  f i s h i n g  pressures,  p a r t i c u l a r l y  1 
d u r i n g  t h e  w i n t e r  f i s h i n g  season. The nutr- ienz r i c h  mesot roph ic  waters  o f  
Otsego Lake coup led w i t h  t h e  l o w  f i s h i n g  p r ?  su re  g i v e  Otsego Lake a  h e a l t h y  
f i s h  community (Appendix D l ) .  Most o f  t h e  f i s h  n e t t e d  by t h e  DNR were found 
t o  be growing a t  r a t e s  which a r e  s l i g h t l y  h i g h e r  than  s t a t e w i d e  averages. 
Lake i n v e n t o r i e s  conducted s i n c e  1949 i n d i c a t e  t h a t  n o r t h e r n  p i k e  
has t h r i v e d  i n  t h e  mesot roph ic  waters o f  Otsego Lake. Nor the rn  p i k e  was 
s tocked i n  1953 by t h e  Otsego Lake Chamber o f  Commerce, and a  dam was con- 
s t r u c t e d  i n  1958 t o  improve t h e  p i k e  spawning marsh a t  t h e  n o r t h  end o f  t h e  
l a k e .  
Wal leye have n o t  f l o u r i s h e d  i n  t h e  r e l a t i v e l y  warm wa te r  o f  Otsego Lake. 
The o p t i m a l  temperature  f o r  w a l l e y e  i s  17°C (Edmands 1976) .  The average summer 
temperature of the water in Otsego Lake was 21.4"C, ideal f o r  sunfishes,  
but a  l i t t l e  too warm f o r  walleye. 
The lake was stocked with muskellunge ( " t i g e r  musky") in 1976 and 1977. 
The " t i g e r  musky" frequents the  edges of the aquatic  weed patches during the 
warm summer weather and i s  predacious on yellow perch and pumpkinseeds (Sco t t ,  
1967). The abundance of aquatic weeds and jla?fishes in Otsego Lake suggest 
tha t  the  muskellunge stocking experiment WI I be successful .  
Aquatic Macrophytes (Aquatic Plants ) 
The aquatic  macrophytes, together with the algal  community comprise 
the primary production component of Otsego Lake. Rooted aquatic  plants  a r e  
abundant throughout the l i t t o r a l  zone (shai lok a reas )  of the lake.  Macro- 
phytes play an important r o l e  in the food web by providing diverse habi ta ts  
and subs t ra tes  fo r  phytoplankton and zooplankton, and aquatic  plant beds a r e  
used by f i s h  fo r  spawning a n d  feeding. The d ive r s i ty  of habits  afforded by 
aquatic plants  r e s u l t s  in higher d ive r s i ty  of  algae and zooplankton in  the 
l i t t o r a l  zones than in the limnetic (open water :  :? res .  
Aquatic macrophytes play an in tergra l  L~: : o f  the  nu t r i en t  cycling in 
Otsego Lake. Aquatic macrophytes compete bvirr the algae f o r  nu t r i en t s  essent ia l  
f o r  plant growth. As the  macrophytes d i e s ,  they decompose, re lease  nu t r i en t s ,  
and consume oxygen. The consumption of oxygen i n  bottom waters can have ad- 
verse e f f e c t s  on the f i s h  population and can fu r the r  the  re lease  of nu t r i en t s  
from the sediments. Dredges of Otsego Lake indica te  t h a t  plant  d e t r i t u s  i s  
a  s ign i f i can t  component of the f locculent  sediment. 
A q u a l i t a t i v e  survey of rooted aquatic plants  was conducted around the 
perimeter of the lake. Preliminary surveys indicated tkta; dense beds of 
aquatic plants  did not occur a t  depths grea ter  than 14 f e e t .  The survey 
of aquatic plants was made in the zone 100-200 feet  offshore a t  depths of I 
6-14 fee t .  
Figure VII i l l u s t r a t e s  the locations of the aquatic plant beds of Otsego 
I 
Lake. Po;tarnogeXo~ ampLi6o.eil~cs (pondweed) and N a j a  6 B e x i e i d  were widespread 1 
throughout the 1 ake. MqhiophgUum a p i c a t u m  (water mi1 foi 1 ) was a1 so found 
in the southern end of the lake. 
Emergent plants observed along the water's edge included: Nymphea 
o d o n a t a  (white water 1 i l y )  Nuphan sp. (yellow water 1 i l y ) ,  S c i h p u  sp. (bul- 
rush), PortCedenia c o h d a t a  (pickerel weed), and Tqpha sp. (cat ta i  1 ) .  
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WATER QUALITY OF THE MAN-MADE CANALS 
F i v e  man-made cana ls  connect w i t h  Otsego Lake. The water  q u a l i t y  of 
t h e  canals  i s  more eu t roph ic  than t h a t  o f  t h e  lake .  On J u l y  11, 1979 
water c l a r i t y  i n  t h e  canals  as measured w i t h  a secchi  d i s c  was l e s s  than 
f i v e  f ee t ,  compared w i t h  11 fee t  i n  t h e  cen te r  o f  t h e  l ake .  The canals  
were choked w i t h  aqua t i c  p l a n t s  and a  f i l amentous  green a lgae ( S p h o g y t r a )  
which was n o t  found i n  abundance elsewhere. 
NUTRIENT CONTRIBUTIONS 
I n  order t o  f a c i l i t a t e  e f f o r t s  to  maintain and/or improve Otsego Lake 
water qual i ty  a nutr ient  budget study was conducted t o  illuminate sources 
of nutr ient  inputs t o  the lake. I t  i s  important t o  emphasize tha t  several 
of the nutr ient  loading determinations a re  estimations based on studies of 
hydrology and land use conducted in areas similar  t o  the Otsego Lake region. 
The nutrient  budget defines the sources of nutr ient  contamination t ha t  can 
be most eas i ly  controlled.  
Sources of Nutrient Loading 
The yearly nutr ient  load to  Otsego Lake (Table VII) was estimated t o  be 
the sum of the inputs: from groundwater and overland run-off orginating on 
various land use types within the watershed; from d i r ec t  precipi ta t ion and 
dryfa l l ;  and sept ic  systems bordering the lakeshore. Also considered in the 
study, b u t  not included in the estimate of to ta l  nutr ient  input,  were the 
nutrient  contributions of bottom sediments, and from d i r ec t  use. 
Direct Precipitat ion and Dry Fallout 
The larges t  source of nutrient  input L O  Otsego Lake i s  from ra in fa l l  
and atmospheric f a l l ou t  ( leaves ,  dust ,  and pol len) .  Phosphorus contributions 
from t h i s  source represent 42% of the to ta l  phosphorus input; nitrogen con- 
t r ibut ion represents 35% of the to ta l  nitrogen input (Table V I I ) .  Because 
these sources a re  largely uncontrollable, lake management e f fo r t s  must focus 
on the curtailment of the remaining nutr ient  inputs. 
Watershed Inputs - Some Hydrological Considerations 
The amount of nutrients  which actual ly  reach the lake from d i f fe ren t  land 
use types i s  d i f f i c u l t  t o  predict .  The problems encountered in the prediction 









(1) Otsego Lake i s  a seepage lake fed primarily by groundwater. 
Therefore, most of the hydrological inputs to  the lake 
receive some, unknown, degree of purification before they 
enter the lake. 
( 2 )  The nutrient inputs from the hydrological sources of 
Otsego Lake were calculated based on the percentage of 
each land cover type within the topographical watershed. 
I t  i s  suspected that water which f a l l s  on the southeastern 
portion of the topographical watershed never actually reaches 
the lake b u t  instead percolates through the s o i l ,  enters the 
groundwater table and flows away from the lake basin. (Fig. I X ) .  
The two problems l is ted above indicate the need for a detailed study 
of the hydrology of the Otsego Lake region. I t  should be recognized, that 
because of the hydrological uncertainties, nutrient loading estimates pre- 
sented here may be somewhat higher than actual contributions. Land use within 
the watershed should nonetheless be monitored. I n  particular,  special attention 
should be paid to  changes of land uses and t o  any instances of direct  run-off 
to the lake from road drains, ditches, or small, seasonal creeks. 
Nutrient Contributions from the Watershed 
The largest component of nutrients that enter the lake from the watershed 
are from urbanlresidential lands. Urban/residential lands are defined as 
lands greater than 39% developed. These lands account for  27% of the watershed 
area and contribute 27% of the total  phosphorus load and 35% of the total  
nitrogen load to the lake. Forest lands (including wetlands and scrub grass- 
lands) on the other hand account for 63.4% of the land cover, yet contribute 
only 18% of the total  phosphorus input a n d  30% of the total  nitrogen input. 
Agricultural lands (including hayfields) make u p  9 .5% of land cover and contri-  
bute 5% of the total  phosphorus and 6% of the total  nitrogen input. The above 
figures indicate that further conversion of forest  and agricultural lands t o  
urbanlresidential land will increase total  nutrient loading to  the lake; urban/ 
residential areas contribute 5 to 10 times more phosphorus than lands in 
forest  or agricultural use. 
S h o r e l i n e  Development and N u t r i e n t  Load ing 
There a r e  p r e s e n t l y  o v e r  550 r i p a r i a n  homes on Otsego Lake. A survey 
o f  t h e  e n t i r e  l akeshore  was under taken t o  p i n p o i n t  areas o f  n u t r i e n t  contami-  
n a t i o n  t o  t h e  l a k e .  The survey r e l i e d  on t h e  presence o f  CLaduphuka as t h e  
main i n d i c a t o r  o f  s h o r e l i n e  p o l l u t i o n .  CLadophum-sp.  i s  an a t t a c h e d  green 
a lgae  t h a t  has been proven t o  t h r i v e  where n u t r i e n t  l o a d i n g  i s  o c c u r r i n g  
( K e r f o o t ,  1979).  
A CladopCzona survey was conducted on t h e  e n t i r e  s h o r e l i n e  o f  Otsego 
Lake on J u l y  2, 1979. Dense g rowth  o f  C laduphum were found on a f o u r  
m i l e  s t r e t c h  o f  t h e  west  shore.  CLaduphcrm was e n t i r e l y  absent  f rom t h e  
e a s t e r n  shore w i t h  t h e  e x c e p t i o n  o f  two dense, l o c a l i z e d  growths ( F i g .  V I I I ) .  
These r e s u l t s  were s u r p r i s i n g  c o n s i d e r i n g  t h a t  c o t t a g e  development on t h e  
e a s t  s i d e  i s  g e n e r a l l y  o l d e r  and denser than  development on t h e  west s i d e  
( A r b u t u s  Beach i n  p a r t i c u l a r ) .  
The answer appears t o  l i e  w i t h  groundwater f l o w  p a t t e r n s .  The average 
dep th  t o  s t a t i c  groundwater on t h e  west s i d e  o f t h e  l a k e  i s  o n l y  12 f e e t  
w h i l e  on t h e  e a s t  s i d e  groundwater i s  found et an average dep th  o f  64 f e e t  
(M ich igan  Geo log ica l  Survey., Unpubl ished data,  Tab le  V I I I ) .  A s teep 
TABLE V I I I  
Depth t o  S t a t i c  Groundwater Leve ls  i n  Lakes ide 
Wel ls  Sur round ing Otsego Lake 
(M ich igan  Geo log ica l  Survey We1 1 Log Data, Unpubl i shed)  
Areas o f  Suggested Groundwater I n p u t  Mean Depth 
N.W. Shore (Sec. 20, Bagley Twp.) 12.0 f t. 
West Shore (Sec. 32, Bag1 ey Twp. ) 12.1 f t .  
S.W. Shore (Sec. 5, Otsego Lake Twp.) 16.6 f t .  
N. E. Shore (Sec. 21, Bag ley  Twp. ) 24.0 ft. 
Areas o f  Suggested Groundwater Output  
Range 
(11-22 f t .  ) 
( 4-20 f t . )  
(11-22 f t . )  
( 6-30 f t . )  
Eas t  Shore (Sec. 33, Bag ley  Twp.) 63.1 ft. ( 5-173 f t . )  
S. Eas t  Shore (Sec. 4, Otsego Lake Twp.) 65.0 ft. (12-144 ft. ) 
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g r a d i e n t  e x i s t s  which c a r r i e s  water  (and p o l l u t i o n )  f rom t h e  l a k e  and lake-  
shores t o  t h e  r eg ions  t h a t  a r e  eas t  and south o f  t h e  lakes .  Areas o f  ground- 
water  i n p u t  t o  t h e  l a k e  seem t o  be a long  t h e  no r t he rn  and western shore 
( F i g .  I X )  . Pol l u t i o n  a r i s i n g  f rom these homes i s  apparen t l y  re leased  d i r e c t l y  
i n t o  Otsego Lake. The proposed groundwater g r a d i e n t  concurs w i t h  groundwater 
f l o w  p a t t e r n s  descr ibed  by Dunn Geoscience Corp. (1979) f o r  t h e  no r t he rn  1/3 
o f  t h e  lake .  
Based on t h e  CLadaphana  survey and t h e  proposed groundwater g rad ien t ,  i t  
was hypothes ized t h a t  o n l y  t h e  s h o r e l i n e  areas where C h d a p h a m  was found 
were c o n t r i b u t i n g  n u t r i e n t s  t o  t h e  lake .  Only t he  s e p t i c  systems i n  t h e  zones 
o f  C h d a p h o h a ,  a  t o t a l  o f  210, ( t o t a l  number o f  s e p t i c  systems immediately 
bo rde r i ng  lakeshore i s  553),  were inc luded  i n  t h e  n u t r i e n t  budget f o r  Otsego 
Lake. These s e p t i c  systems a re  est imated t o  c o n t r i b u t e  8% o f  t h e  t o t a l  phos- 
phorus and 7% of t h e  t o t a l  n i t r o g e n  i n p u t  t o  t he  l a k e  (Table  I X ) .  
Sep t i c  systems a r e  impor tan t  t o  t he  management of Otsego Lake because they  
represen t  a  c o n t r o l l a b l e  n u t r i e n t  source. Furthermore, n u t r i e n t  i n p u t s  f rom 
s e p t i c  systems a re  not  d i l u t e d  o r  p u r i f i e d  tc the same ex ten t  as n u t r i e n t  
sources which o r i g i n a t e  i n  t h e  upper reaches o f  t h e  watershed and may have a  
g r e a t e r  impact on water q u a l i t y .  I t  i s  expected t h a t  the  C h d o p h o m  beds w i l l  
d isappear i f  s u i t a b l e  improvements occur  on t h e  s e p t i c  systems a long  t h e  west 
shore o f  t h e  l ake .  
Sediment C o n t r i b u t i o n  
A p o t e n t i a l  source of phosphorus i n p u t  t o  Otsego Lake which must be con- 
s i de red  i s  t h e  bottom sediments. Under aerob ic  c o n d i t i o n s  t he  bottom sediments 
appear t o  a c t  as a n u t r i e n t  s i nk ,  capable o f  adsorb ing phosphorus. However, i f  
anaerobic c o n d i t i o n s  a re  found t o  e x i s t  i n  t he  w in te r ,  phosphorus cou ld  move 
f rom t h e  sediments back i n t o  t h e  o v e r l y i n g  water .  Based on l a b o r a t o r y  t e s t s ,  
under anaerobic conditions the bottom sediments could release from 16.1  kg. 
144.2 kg .  of phosphorus t o  the water column each winter, o r  a  2-24% increase 
in the to ta l  phosphorus loading t o  the lake. In t h i s  case, reduction of 
phosphorus inputs to  the lake from a l l  other sources may cause only minor 
reductions in the sever i ty  of algal blooms. Further investigation of the 
sediments as a nutr ient  source to  the lake i s  necessary. 
Direct Use 
Direct use of thelake by waterfowl and by humans (boating, f i shing,  
swimming, e t c . )  i s  a  potential source of nutr ients ;  however, i t  was not 
considered t o  have a s ign i f i can t  impact on t o t a l  nutr ient  loading to Otsego 
Lake. Although waterfowl have been shown to  contribute s ign i f i can t  amounts 
of nutrients  to  cer ta in  small lakes, the s i ze  and volume of Otsego Lake 
makes i t  unlikely t ha t  they influence the to ta l  nutr ient  loading t o  the 
lake. Motorboating i s  the d i r ec t  use which has the g rea tes t  potential t o  
increase nutr ient  loading t o  Otsego Lake. Studies done on lakes in Florida 
have shown increases i n  phosphorus concentrations result ing from long term 
mixing of lake water and bottom sediment b.~ ;wcorbotas (Yousef, e t .  a1 . , 1979) .  
Motorboat mixing can resuspend flocculent  organic sediments from the lake 
bottom which could subject organically bound phosphorus t o  mineralization 
through bacterial  decay. The shallow mean depth of the lake coupled with the 
high number of motorboats on  the lake indicate tha t  t h i s  could be a major 
source of nutr ient  input. However, fo r  nutr ient  budget estimations, the  in- 
fluence of motorboating and other types of d i r ec t  uses of Otsego Lake were 
not considered. Further investigations a re  required in t h i s  area.  
RESPONSIVENESS OF OTSEGO LAKE TO NUTRIENT LOADING 
The impac t  o f  n u t r i e n t  l o a d i n g  can be i n t e r p r e t e d  by  a  l o o k  a t  some 
morphometr ic  and chemcia l  f e a t u r e s  of  t h e  l a k e .  I n t e r a c t i o n s  among t h e  f o l -  
l o w i n g  f e a t u r e s  a r e  o f  p a r t i c u l a r  impor tance:  
* F l u s h i n g  r a t e  ( w a t e r  r e t e n t i o n  t i m e )  
* B u f f e r i n g  c a p a c i t y  
* Volume and mean dep th  
Whereas deep o l i g o t r o p h i c  l a k e s  such as Wal loon and To rch  Lakes a r e  
e x t r e m e l y  s e n s i t i v e  t o  n u t r i e n t  l o a d i n g  (Gannon e t .  a l . ,  1977) sha l l ow ,  more 
n a t u r a l l y  e u t r o p h i c  l a k e s  such as Houghton Lake have been found t o  w i t h s t a n d  
r e c r e a t i o n a l  development w i t h  l i t t l e  change i n  wa te r  q u a l i t y  (Pecor e t .  a l . ,  
1973).  I n  s h a l l o w  p r o d u c t i v e  l a k e s  l i k e  Otsego and Houghton Lakes, oxygen 
l e v e l s  remain  h i g h  t h r o u g h o u t  t h e  i c e  f r e e  p e r i o d s  because of w ind d r i v e n  c i r -  
c u l a t i o n .  I nc reases  i n  a l g a e  and a q u a t i c  p l a n t s  w i l l  a f f e c t  oxygen d e p l e t i o n  
i n  t h e  w i n t e r  however. U n t i l  t h e  y e a r l y  b u i l d u p  of d e t r i t u s  from p l a n t s  and 
a l g a e  i s  s u f f i c i e n t  t o  d e p l e t e  oxygen i n  t h e  bot tom waters  d u r i n g  t h e  w i n t e r ,  
no " d r a m a t i c "  changes such as f i s h  k i l l s ,  o r  phosphorus r e l e a s e  f rom t h e  
sediments shou ld  occu r .  
A l though  t h e  s h a l l o w  n a t u r e  o f  Otsego Lake reduces t h e  l i k e l i h o o d  o f  
m a j o r  w a t e r  q u a l i t y  d i s a s t e r s ,  o t h e r  f a c t o r s  such as i t s  f l u s h i n g  r a t e  and 
l i m i t e d  b u f f e r i n g  c a p a c i t y  i n d i c a t e  t h a t  i nc reases  i n  n u t r i e n t  l o a d i n g  t o  
t h e  l a k e  w i l l  i n c r e a s e  t h e  s i z e  and f requency o f  t h e  nu isance a l g a l  blooms 
which p r e s e n t l y  occu r .  
The c a l c u l a t e d  t i m e  wa te r  remains i n  Otsego Lake i s  3 .6  yea rs .  T h i s  i s  
much l o n g e r  t h a n  t h e  r e t e n t i o n  p e r i o d s  o f  o t h e r  s h a l l o w  l a k e s  i n  t h e  area 
( F i g .  X ) .  N u t r i e n t s  t h a t  e n t e r  Otsego l a k e  have a l o n g e r  p e r i o d  o f  t i m e  t o  
promote p l a n t  and a l g a l  g rowth .  The 3.6 y e a r  r e t e n t i o n  p e r i o d  a l s o  reduces 
t h e  a b i l i t y  o f  t h e  l a k e  t o  rebound f rom p e r i o d s  o f  i n c r e a s e d  n u t r i e n t  l o a d i n g .  
OTSEGO CROOKED WALLOON 
Fig. X. Water quality 
characteristics which 
influence a lake's 
ability to. buffer 
pollution. 
OTSEGO HOUGHTON CROOKED 
The response time of Otsego Lake as calculated from the mean depth and flush- 
ing ra te  (Dillon & Rigler, 1975) varies from 0.57 year to  0.95 year. In 
simple terms, the lake should respond to changes in nutrient loading within 
a period of 1 year. 
The chemical composition of Otsego Lake water i s  also limited in i t s  
capacity to buffer incoming phosphorus. I n  hard water, a1 kal ine lakes, 
phosphate complexes with calcium and i s  removed from the water column (Wetzel , 
1977). Otsego Lake has relat ively soft  alkaline waters which are low in cal-  
cium and phosphate in the lake water i s  not removed as readily as in neigh- 
boring water systems. (Fig. X ) .  
LAKE RESTORATION 
Although Otsego Lake i s  more productive than many of the large lakes 
in northern Michigan, i t s  water qual i ty  compares favorably to  the majority 
of the inland lakes t ha t  have been tested in the Sta te  ( D N R ,  1978). However, 
in order t o  maintain or improve the water q ~ a l i t y  of the lake,  the phosphorus 
concentrations must be lowered. This can be ~scomplished by two methods: 
1 )  through reduction of nutr ient  loading from t h t  ~ a t e r s h e d  (Vollenweider, 
1968) or  2 )  through in-lake a l t e ra t ions .  
The nutr ient  budget ident i f ied  the contro1lable sources of nutr ient  
contamination to  the lake. Curtailing these sources through wastewater t r e a t -  
ment improvements, elimination of lawn f e r t i l i z a t i o n ,  and drainage of storm 
runoff away from the lake should enhance the water qual i ty  of the lake. The 
importance of l imit ing nutr ient  inputs TO '"ego Lake cannot be overemphasized. 
In-lake a l t e ra t ions  represent another ?ve?de for  lake improvement. How- 
ever, "common" a l t e ra t ions  such as dredging, 01-~spi-late precipi ta t ion,  and 
weed harvest are  s t i l l  in experiernental s t z ? ? :  i b e i s ,  1979). Sc ien t i s t s  
can not accurately predict the exact res i on such 1 ake manipulations. 
Dredging i s  often proposed as a poss7:,e ;ake improvement technique. 
I t  was suggested tha t  the current  study ccnsfder the f e a s i b i l i t y  o f  removing 
the bottom organic sediment in order to  expose the original sand bottom. The 
sediment cores indicate that  5-20 f ee t  of organic muck overl ies the original 
sand throughout most of the lake. Cost estimates 50)- dredging vary from 
$0.52 t o  $2.08 per cubic meter (Peterson, 1979). I f  only 5% of the lake was 
selected t o  be deepened by 0.5 meters (19.5 'riches), the expected costs would 
range from $100,000 t o  $400,000. Eliminating 0 . 5  ,; 2 %  s would not expose the 
sand bottom in those areas.  Disposal of dredged materials may present an 
additional problem. The bottom sediment i s  very f locculant  and would require 
we1 1 constructed holding beds fo r  long term storage.  Dumping s i t e s  may be 
d i f f i c u l t  t o  locate rconsidering .the high cost  of land around the lake. 
In lakes where large quant i t ies  of phosphorus a re  released from the 
bottom sediments, aluminum su l f a t e  and other chemical s a l t s  have been applied, 
resul t ing in dramatic decreases in algae and increased water c l a r i t y .  ( F u n k  
and Gibbons, 1979) .  Few lakes as large as Otsego Lake have received such 
treatment, and a l l  have had s ign i f i can t ly  higher to ta l  phosphorus concentrations 
than Otsego Lake. Costs of such treatment might be as high as $200,000 and 
treatment would only be e f fec t ive  fo r  one to  three year periods. Until i t  i s  
ver i f ied  t ha t  nutr ient  release from the sediments does degrade the lake, t h i s  
a l t e rna t ive  should not be considered. 
I f  severe winter oxygen depletion occurs, harvest of aquatic weeds in 
the autumn might be considered. Large masses of plants d ie  each f a l l  and 
decompose throughout the winter. As a r e su l t  of t h i s  process, the lakes 
f i n i t e  supply of oxygen i s  consumed. Mechanical harvesting costs  between 
$80 and $120/acre (Burton, e t .  a l . ,  1979) .  If 25% of the lake surface was 
harvested, harvest costs  would vary between $40,000 and $60,000 each year. 
From the previous discussion i t  i s  evident tha t  in-lake treatment i s  
cos t ly  and fraught with problems. Curtailing nutr ient  inputs from the drainage 
basin represents an e f fec t ive  and practical  approach t o  the management of 
Otsego Lake. 
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APPENDIX A 
LAND USE DATA 

TABLE A-2. ESTIMATED PHOSPHORUS ( P )  AND NITROGEN (N) INPUTS FROM 
SEPTIC SYSTEMS ON THE NORTHERN T I P ,  NORTHEAST. AND WESTERN 
SHORE OF OTSEGO LAKE- I N  1 9 7 9 .  
PII -
# of  S e p t i c  P e r c e n t  R e a c h i n g  Lake  Number o f  D w e l l i n g s  Amount R e a c h i n g  L a k e  
S y s  tems P% N %  Y-R S P (KG/YR) N(KG/YR) 
S O I L  TYPE 
GREENWOOD PEAT 1 6  7 5 60 5 11 7 . 0 5  6 7 . 5 5  
SAUGATUCK SAND 4 7  3 5 50 1 4  33 1 0 . 6 4  2 6 1 . 5 4  
RUBICON-GRAYLING SAND 208 2 5 65 62 1 4 6  3 3 . 6 5  9 2 9 . 6 5  






J u l y  7, 1949* 
Depth Secchi 
( a )  Depth(m) 






4.6 5 2 1 3.7 
Temp. O2 O2 
( O C )  (ppm) (% s a t . )  
A1 k a l i n i t y  
( P P ~  1 
ph - th  t o t a l  pH 
1.0 70.0 7.6 
* Data c o l l e c t e d  by I n s t i t u t e  f o r  F i s h e r i e s  Research, Mich igan Department o f  
N a t u r a l  Resources. S i m i l a r  data  e x i s t s  f o r  samples taken a t  n o r t h  and 
sou th  ends of l a k e .  
TABLE B-2 
A p r i l  26, 1979 ** 
A1 k a l  i n i  t v  
Depth Secchi Temp. 
( m ) Depth (m) ("C) 








02 ( P P ~ )  
(ppm) ( %  s a t . )  p h - t h  t o t a l  pH 
Spec. ~ 0 3 - N  t o t a l  
Depth Cond. NO2 -N NH3 N P 
(m (umhos) (ppb) ( P P ~ )  ( P P ~ )  
** Data c o l l e c t e d  by Nor theas t  Mich igan Counc i l  of Governments. 
TABLE B-3 
June 11, 1979 *** 
Spec. 
Depth Secc h i  Temp. 02 9 A l k a l  i n i t y  ~ b n d .  Turb. 
(m Depth (m) ("C) (ppm) ( %  s a t . )  (ppm) t o t a l  pH (umhos) (ppm) 
19.8 7.3 
1 19.5 7.0 
2 19.5 6.5 
3 19.2 5.8 
4 19.2 5.9 
5 i 19.0 5.3 
6 18.9 4.8 
Bottom 18.7 1.8 
N O 7  t o t a l  o r t h o  SiO, 
P 
L 
Depth NO$N NH3-N P Hard. Ch l .  a Phaeo. 
(ppb) (PPb) ( P P ~ )  ( P P ~ )  ( P P ~ )  ( P P ~ )  (PPb) 
Sur f .  
3 
5 
*** Samples taken a t  n o r t h  and sou th  ends o f  l a k e  a r e  s i m i l a r  t o  t h e  data 
taken  a t  deep spo t ,  l a k e  c e n t e r .  
TABLE B-4 
June 28, 1979 
Depth 
0 












02 A 1  k a l  i n i  t y  Cond. 
( %  s a t .  ) (ppm) t o t a l  pH (umhos) 
T o t a l  o r t h o  
P P hard .  
( P P ~ )  (PPb) ( P P d  
TABLE 8-5 




Temp. O2 02 
("C) (ppm) ( %  sa t .  ) 
Chl. a Phaeo. 
( P P ~ )  ( P P ~ )  














A l k a l i n i t y  
( P P ~ )  




(% s a t . )  






( P P ~ )  


































% O2 A l k a l i n i t y  Cond. Turb. 
(ppm) ( %  sat .  ) (pprn) t o t a l  pH (umhos) (ppm) 
Mg Hard 
( P P ~ )  0 
7.3 8 0 
6.3 8 0 
6.8 8 0 
7.2 80 




















PHOSPHORUS ADSORPTI ON/RELEASE 
BY BOTTOM SEDIMENTS 
P u r p o s e  
Three sets of laboratory experiments were conducted to determine 
the phosphorus adsorption/release capacity of bottom sediment under I 
aerobic and anaerobic conditions. I 
M e t h o d s  
In all experiments water from Otsego Lake was added to bottom 
sediment in a ratio of 50 mls water to 1 gram sediment (wet weight). 1 
Sediment was collected with an Eckman dredge and water samples were 
taken with a horizontal Van Dorn bottle 1/2 meter from the bottom. I 
Sediment and water from three sites were used in the experiments. 
Upon collection formalin was added to the water to inhibit biological I 
activity. I 
All experiments were performed at room temperature. In experiments 
I and I1  aerobic conditions were maintained by shaking 100 ml samples 1 
in capped, acid washed 250 ml beakers continuously for 6 hours. 
I 
I 
Anerobic conditions were produced in experiment I11 by purging the 
water with nitrogen gas for 15 minutes before combining it with I 
sediment. These samples were then placed for 72 hours in 65 ml poly- 
urthene bottles which were filled completely before capping and 
sealing with parafilm. 
Upon completion of each experiment all samples were filtered 
through acid washed millipore filters (42 pm) and frozen. All samples 
were quick thawed and analyzed for orthophosphorus in a Technicon 
Autoanalyzer I 1  after the methods described by Gannon and Paddock 
1974. 
Experiment I was performed on sediment and water from two sites. 
An additional water sample without sediment from each site was used 
in the experiment as a control. 
In experiment I1 the water sediment mixture (50:l) was injected 
with 4 different concentrations of phosphorus before shaking. The 
experiment was performed in quadruplicate at each concentration. An 
additional water sample without sediment was injected with each 
concentration to serve as a control. 
Experiment I11 was run in triplicate with anaerobic water and 
sediment from 2 different sites. An additional anaerobic sample 
containing only water from each site was used as the control. 
Resu Z t s  
Experiment I 
Phosphorus Adsorption from Bottom 
Sediments under Aerobic Conditions 
Results (after 6 hours of shaking) 
Control (no sediment) Test Samples (with sediment) 
P.P.B. PO4 P.P.B PO4 
Site 1 11 11.0 (54.9) N=4 
Site 2 12 -- 1 3 . 3  ( 5 4 . 2 )  N = 3  
Conclusions: No significant alteration 
occurred in orthophosphorus concentration 
under conditions similar to those existing 
in Otsego Lake during summer. 
Phosphorus Adsorption at 




under Aerobic Conditions 





Conclusions: The sediments of Otsego 
Lake have the ability to adsorb added 
phosphorus from the lake water under 
aerobic conditions. 
Experiment I11 
Phosphorus Release by Bottom Sediments 
under Anaerobic Conditions 
Results (after 72 hours) 
Control (no sediment) Test 3d:nples (with sediment) 
PO4 P.P.B. ?04 P.P.B. 
Site 1 17.0 383 (k14) N=3 
Site 2 18.0 62 (k16.0) N=3 - 
Conclusions: Under anaerobic conditions 
the bottom sediments of Otsego Lake will 
release appreciable quantities of phos- 
phorus. 
Discussion 
The results of the laboratory experiments can be used to predict 
the potential phosphorus contributim (Table C - 1 )  to the lake during 
anaerobic conditior~s. The fol:owing assumptions are required. Each 
assumpzion represents a conservative approach to phosphorus rel~ase. 
1) After 72 hours of anaerobic conditions the sediments 
release all available phosphorus to the lake water. 
2) Only the top centimeter of the sediment releases 
orthophosphorus during anaerobic conditions. 
3) The bottom area is equal to the surface area. 
5 ,  
d o  C.4 z " .22 
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TABLE D-1 -- 
A. PHYTOPLANKTON TAXA OF OTSEGO LAKE, SUMMER 1979 
TAXA 
BACILLARIOPHYTA (Diatoms) 
b;tenionQeea dorrmana Hass. 
CqcLaXe& sp. 
Cymatupleunu sp. 
FnagLUdttia cno;tenemh K i  t t o n  
F k a g U a  s p. 
Melasim sp. 
NavicLLea ttadiana Kutz  . 
NavicLLea sp. 
Neidium dubium (Ehr . )  C1. 
P i ~ n d d t t i a  gibba Ehr. 
SXauhune,b sp. 
SuLiheUa ovata Kutz.  
Synedha acUn KU t z  . 
S qnedha dekica2hnima 
v a r .  angwa5.haima Grun. 
Synedha d n a  ( N i t z . )  Ehr. 
Tab&& ~enem5taXa Kutz.  
CHLOROPHYTA (Green A1 gae) 
Bu~yococcun sp . 
Conmdttim sp. 
Khchl/z&eMa l u n u  
( K i r c h .  ) Moebius 
Maugeadia sp. 
OedegunLum sp. 
Ped,ia,!,&um duplex Meyen 
Pleuha&eLwn s p . 
Scenedenma bijuga 




CHRY SOPHYTA (Go1 den A1 gae) 
D.inabhy~n bavahicum Imhof  ** ** k* * * 
Dinobhyon cy f in f i cum Imhof ** -k* *x* *** 
Dirzubh~dan h&uRcVLiu Ehrenherg **** **** **** **** 
Dinab~yun n o c i d e  Ehrenberg *** *** *** *** 
hl&umunah sp. - - - - - - * 
TABLE D - 1  cont inued 
TAX A 6/11/79 
CYANOPHYTA (Blue-Green A1 gae) 
Anabena c i h c i n u  Ra benhorst 
Aphanocapb a s p . 
Chhoococc~ d i n p m a  
(Kei s s l  . ) Lemmermann 
Chnoococca . e i m n h c u  
var.  dbXanb G.M. Smith 
Chnoococcw sp. 




GleoMck ia  eckivzda;ta 
(J.E. Smith) P. R ich ter  
Gamphobpha&a lac us^ Chodat 
Lyngbh B-ihgci G.M. Smith 
Memhmopedia glauca (Ehr. ) 
(Ehrenberg) Naegeli 
hiliu~ocynLi~ a a u o g i n o ~  a 
Kuetz.; mend. Elenkin 
Oacieeatohia sp. 
EUGLENOPHYTA (Euglenoids) 
Tkachelomonais sp. ? 
PYRRHOPHYTA ( d i n o f l a g e l  1 a tes)  
C a a t i u m  kitLundin& 
(O.F. Muell . )  Du ja rd in  
U n i d e n t i f i e d  taxa 




N Not normal ly  i n  p lanton 
? Absence may be due t o  mesh s i z e  o f  n e t  - - Not found i n  sampie 
TABLE D-2 
ZOOPLANKTON GENERA OF OTSEGO LAKE, SUMMER 1979 








V i a p  hana ama 
ff o&apedium 
Le pXad aha 
S-imacephaeun 
COPEPODS 











- - Not found i n  sample 
TABLE D-3 
PRINCIPAL GAME FISH SPECIES OF OTSEGO LAKE 
(DNR Trap Net Ana lys is  10-5-78) 
Length Mean S ta te  
FISH SPECIES Corrunon Age Number Range Length Average 
Name Class Sampled ( i nches )  ( i nches )  J inches)  
CENTRATCHIDAE (SUNFISHES) 
A m b L o p U ~ n  t ~ u p a a k h  ( R a f i  nesque) 
Rock Bass I 1  4 3.9-4.7 4.3 4.5 
I 1  I 20 4.7-6.7 5.6 5.6 
I V 14 6.3-7.1 6.4 6.5 
V 10  7.5-7.8 7.5 7 .4  
V I 4 7.8-7.8 7.8 8.2 
V I  I 1 8.7 8.7 8.9 
Lepotnh g i b b o a w  ( L i  nnaeus ) 
Pumpkinseed I I 3 5.1-5.5 5.2 4.4 
I I I 6 5 5.1-7.1 6.3 5.2 
I V 8 6.7-7.5 7.2 5.9 
V 10 7.1-7.9 7.5 6.4 
V I 1 7.8 7.8 6.4 
Lepomin r n a d o c k i n ~ ~ b  (Rafinesque) 




V I  I 









I 1 1  
Pomoxir, n i g h o r n a c d u 2 ~  (LeSueur) 
B lack c rapp ie  I 1  




V I  I 
V I I I  
TABLE D-3 CONCLUDED 
FISH SPECIES 
Length Avg . Sta te  
Common Age Numbered Range Length Avg . 
Name Class Sampled ( inches)  ( inches)  ( inches)  
ESOCIDAE (PIKES) 
Nor thern 
P ike  I 1  3 18.5-20.5 19.6  19.4 
I 1 1  2 22.8-23.2 23.0 22.2 
I V 3 25.2-29.1 27 .1  24.6  
V 2 31.5-31.9 31.7 26.5  
EAOX manquinongy M i t c h i  11 
Mus ke l  1  unge 
"T ige r  Musky" I 3 1 20.0-23.0 21.2 - - 
I I 1 31.1 31 .1  - - 
PERCIDAE (PERCH) 
Paca dlavacelln ( M i t c h i l l )  
Ye1 1 ow 
perch I 4 3 .9-5 .1  4.5 4.6 
I I 8 5.1-6.7  6 . 0  6 . 1  
I I I 26 5.9-7.1 6 . 4  7.0 
I V 6 6.7-8.3 7 . 5  8 . 0  
V 3 7.8-9.0 8 . 4  9 . 0  
V I 2 9.0-9.0 9 . 0  9 . 9  
V I I I  1 10.2 10.2 11 .3  
TABLE D-4 





T Y P ~ ~  SP. 
COMMON NAME 
water mi 1 fo i  1 
white water 1 i l y  
yellow water l i l y  
p i  ckera 1 weed 
pond weed 
bulrush 
c a t t a i  1 

